Epitaxy of ZnO layers on cubic GaP(111) substrates has been demonstrated using pulsed laser deposition. Out of plane and in-plane epitaxial relationship of ZnO layer with respect to GaP substrate determined using phi (φ) scans in high resolution X-ray diffraction measurements are (0001) ZnO (111) GaP and −12 − 10 ZnO −110 GaP respectively. Our results of epitaxy of ZnO and its intense excitonic photoluminescence with very weak defect luminescence suggest that (111) oriented GaP can be a potential buffer layer choice for the integration of ZnO based optoelectronic devices on Si(111) substrates.
I. INTRODUCTION
For effective use of a material in optoelectronic devices, its crystalline and optical qualities are of paramount importance. These are achieved by growing epitaxial thin films of the material on appropriate substrates. Wurtzite ZnO is a wide band gap semiconductor with large exciton binding energy (∼60meV) [1, 2] and it has been traditionally grown on hexagonal symmetry based substrates like ScAlMgO 4 [3] , Al 2 O 3 [4] and SiC [2] . Apart from this, (111) oriented cubic substrates [5, 6] possessing three fold symmetry are also used for the epitaxial growth of ZnO, in which silicon (Si) is most widely used substrate [7, 8] .
However, it is the presence of amorphous SiO x layer formed during the growth of ZnO on Si substrate, that results in completely random orientation of ZnO on Si substrate [7, 8] . In addition to this, large lattice mismatch (∼15.4%) and large diffenece in the thermal expansion coefficient (∼48%) between Si(111) and ZnO also pose another difficulty in realizing good quality ZnO layers [7, 8] . In view of this, several buffer layers of different materials like GaN [9] , AlN [10] , Al 2 O 3 [11] , ZnS [12] , MgO [13] , Y 2 O 3 [7] , CeO 2 [14] , Lu 2 O 3 [8] , Sc 2 O 3 [15] , YSZ [16] , Gd 2 O 3 [17] etc. have been explored to achieve epitaxial ZnO layer on Si(111) substrate. It is important to note that good epitaxial quality GaP layers have been grown on Si substrates, because of very small (∼0.37%) lattice mismatch between Si and GaP semiconductors. [18] Thus, GaP material can be a good choice as a buffer layer on Si substrates for the epitaxial growth of ZnO over it. For this, firstly the possibility of epitaxial ZnO on GaP substrate itself has been explored using pulsed laser deposition (PLD), which can have following advantages. There is a lattice mismatch of ∼15.8% between ZnO and GaP(111), which is comparable to that of ∼15.4% between ZnO and Si(111). Apart from this, there is a smaller difference (∼7%) between the thermal expansion coefficient of GaP and ZnO as compared to that of Si and ZnO. The thermal expansion coefficient of Si [19] , GaP [19] , and ZnO [20] 
II. EXPERIMENTAL
ZnO layers were grown on GaP(111) substrates by PLD. The PLD chamber was evacuated to a base pressure of ∼5×10 −6 mbar using turbo molecular pump. The KrF excimer laser (λ=248 nm) beam of energy density ∼2 Jcm −2 was focused on an in-house prepared high purity (99.9995%) ceramic ZnO target for ablation. The substrate to target distance was kept at ∼4 cm and the target was rotated continuously during the deposition for uniform ablation. The growth temperature was varied from 300 o C -500 o C to achieve a reasonable crystalline quality of ZnO layers on GaP substrates. The initial ∼35 nm growth of ZnO layer on GaP substrate was carried out at the desired substrate temperature in vacuum, to minimize the possible oxidation of GaP surface during the deposition of ZnO. This was followed by the growth of ∼170 nm thick ZnO over layer grown at the same temperature but in presence of oxygen at a partial pressure of ∼1×10 −4 mbar. Crystalline quality and epitaxy of the deposited ZnO layers were assessed from HRXRD measurements, which were performed using PANalytical X'Pert Pro MRD diffractometer, equipped with a Hybrid monochromator (PANalytical model Hybrid 4x), with a beam divergence of about 18 arcsec perpendicular to the scattering plane for Cu K α1 x-rays (λ= 1.5406Å). Surface morphology of the ZnO layers was investigated by using the atomic force microscopy (AFM) technique. AFM measurements were carried out using a multimode scanning probe microscope (NTMDT, SOLVER-PRO). Silicon cantilever tips having a radius of curvature of ∼20 nm, resonant frequency ≥190 KHz and spring constant ∼5.5 Nm −1 were used in a non-contact mode for the AFM measurement. Room temperature photoluminescence (PL) measurements were excited by using He-Cd laser (λ=325 nm) and detected by a CCD.
III. RESULTS AND DISCUSSIONS
Figure 1(a) shows 2theta/omega (2θ/ω) scan of ZnO layers grown at different temperatures on GaP(111) substrate along with a bare GaP(111) substrate. In addition to (111) and (222) . The arrangements of reciprocal lattice points as determined by the φ scan (Fig. 2) is depicted in Fig. 3(c) . 
